DECOMPRESSION PROCEDURES FOR THE SAFE ASCENT OF

AEROSPACE PERSONNEL FROM GROUND LEVEL TO ALTITUDE

Contract NAS 9-6978

200

$

CFSTI PRICE(S) $

Final Report

Hard copy (HC)

to:

Microfiche (MF)

GPO PRICE

# 653 July 65

National Aeronautics and Space Administration
Manned Spacecraft Center
Houston, Texas

Submitted by

UNION CARBIDE CORPORATION
Linde Division
Research Laboratory

Tonawanda, New York

4 May 1968 _Nf}* ”':’.1
AMACCESSION NUMBER) 2 ;
lzf |
(PAGES) (C:Dp
GORY)

oK - Q2 \

(NASA CR OR TMX OR AD NUMBER) (CATE!

(THRU)

FACILITY FORM 602



‘ - ‘

.

.,

»

II.

III.

II.

II1

IV.

NVAsAH €

TABLE OF CONTENTS

A. Tonawanda IT Model of Inert Gas Transport. .
B. Computational Approach. ..................

RESULTS AND DISCUSSION. . ... oo it ieiiee e nnn

A. Test of the Tonawanda II Meodel. ...........
B. Analyses of 388 Flight Records.............
APPENDIX

Glossary of Terms

Objectives and Results of Eleven Computer Analyses of

388 Flight Records

Chart, Flight and Subject Numbers Involved in the Graphic

Analysis of 20 Flight Profiles

References

eI

v

11

15

15

19



A ]

14

L

t

I. INTRODUCTION AND SUMMARY

Under contract NAS 9-6978 we have subjected 388 manned altitude
flight records to a theoretical analysis to determine those parameters
which are important in the construction of decompression tables for
aerospace personnel. The flight records analyzed were generated by
the U. S. Navy Air Crew Equipment Laboratory, Philadelphia, and the
U. S. Air Force School of Aerospace Medicine, San Antonio, Texas.

The partial pressure of inert gas dissolved in several hypothetical
body compartments was computed and, together with all other available
pertinent flight and subject information stored on magnetic tape. This
information was then correlated with the incidence of decompression
sickness. For flights in which nitrogen was the only inert gas present,
risk predictions could be developed for the target pressure range of 150-
200 mm Hg. Some risk predictions (limited by the number of available
flight records) could also be derived for target pressures of 250-300
mm Hg and 350-400 mm Hg. No predictions of the risk of decompression
sickness could be developed for flights in which both helium and nitrogen
were present in the body tissues.

The analyses performed under the present contract justify the expecta-
tions that the approach used by us is capable of producing decompression
procedures for the safe ascent of aerospace personnel from ground level to
altitude. To accomplish this objective it is necessary to analyze additional
altitude flights to a wide range of target pressures with emphasis on high-
risk flight profiles. In this manner it will be possible to refine and
strengthen the results of the present analysis. Additional analyses will,
in particular, aid in the development of risk predictions that take into

account the duration of the altitude exposure and that reflect the severity
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11. EVALUATION OF FLIGHT PROFILES
A. Tonawanda II Model of Inert Gas Transport

A simple mathematical model of inert gas transport (Schreiner,
1968) has found extensive application in our Laboratory for the computation
of successful decompression schedules for open sea dives to depths as great

as 700 feet. This model, designated "Tonawanda II", perceives of inert gas

+ 3 1 + v ' v -— e 5 T T alo~ A
ransport as being limited by tissue perfusion (Jones, 1950). It alsoc as-

fad

sumes that the probability of an inert gas remaining in supersaturated solu-
tion in the tissues is dependent on the magnitude of this supersaturation
relative to the prevailing ambient pressure.

In Table I are presented the symbols which we use to denote
the factors that enter into the mathematical relationships which we have
developed to describe perfusion-limited transport of inert gases. In Figure
1 is shown a schematic overview of this transport. Assuming complete
equilibration of inert gas partial pressure between blood and alveoli, the
quantity (volume, STP) of inert gas which a unit volume of blood carries
away from the lungs per unit of time is given by VIG = Qa blood | P . By
the same token, if inert gas transport to and from th% tissues is limited by
perfusion, then one must assume equilibration of dissolved inert gas partial
pressure between capillary blood and tissue. Hence the volume (STP) of
inert gas carried away from a given tissue per unit of time by a unit volume
of blood is given by VIG = (ba blood = ™ Clearly, then, the change per
unit of time in volume (SVI‘P) of inert gas dissolved in a unit volume of tis-
sue is equal to the difference between the quantity of inert gas in the

arterial blood entering the tissue, and the quantity of inert gas in the

venous blood leaving the tissue, i.e.

t
<
it
<.

I
<
—_—

[y
N



i
s

ATiqnros seo
AmE_aﬁo\/\ch swi] /dwnio/) uoisnjied anssi] Jo ajey = O

QWL Yiim d JO 9Sea109(] 10 9seaIdu] Jo aley (Iueisuod)

1
O

Se9 WaUl JO ainssaid [e1iied IR[OdATY

"
a.

3/2ul = jlodsuel] ses jo swil-JeH

]
-y
]

Hodsuel], se9 Jo juelsuo) awy], o1310adg

i
LY

"
-~

w1y

"
E

aNSS] 9yl Ul paA[oSSI Seo) 119U JO ainssaid [(enied

PaS[] S[OqWAS JO uoljeue[dxy

1 91qe],

. 1 ~v v



Figure 1

L

[

3NSSIL> o
NSsiL> = 3nssil 0
agoolg» 2 =¥ o

Q

k5

o]

(1-d) 3NSSilr 'pP 2
- goolg»o 0 © Ty £
o) A w

N 4.00078,5p) 91, \__..ooo._mson 91 a

. E-ano._mvo@ ] m:mm;vo _ 5
! NP B
o

°

] \ SONNT e
OIp - 91, . P _ 8
9Ipp g

9

=

=]

&

3

\/

1 ~v 'y
-l_.'l-llllllllllllll-l



-5~

Since the volume of inert gas dissolved in a given tissue

is given by

VIGt - *tissue T (

(8%
~

equation (1) may be written as

dt “tissue A “blood mTow ablood P (3)

which may be rearranged to yield:

dm - ¥blood

dt “tissue

(P- w) (4)

which represents the basic inert gas transport equation. This differential
eguation states that the rate of change of inert gas partial pressure dis-
solved in a given tissue is at all times proportional to the difference be-
tweeen alveolar and tissue inert gas partial pressure. The proportionality

% plood

constant Q m‘e— represents the specific time constant k of inert gas

transport. We shall come back to the physiological importance of this
identity later on.

Figure 2 shows the inert gas transport equation and its
general solution. To solve this equation numerically, it is necessary to
define the functional relationship between the alveolar inert gas partial
pressure P and time. If the rate of change of P with time is constant
(including zero), a numerical solution may be simply obtained. With the
aid of the gas transport equation, and a knowledge of the initial values of
P and = it is therefore possible toy compute the inert gas partial pressure
m at any time during linear or step—Wise ascent or descent for any tissue
tor which the value of k can be determined or deduced from the rate of its
perfusion and from its fat content. This physiological interpretation of the

value of k is illustrated in Table II. Assuming tissue to consist of a
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variable mixture of fat and water, and further assuming that the solubility
of inert gases in blood is equal to that in water, the specific time constant
k (or half-time of inert gas transport, t—é—) for a particular inert gas, can
be derived from the relative solubility of an inert gas in fat and water,

and from the fat fraction x of a given tissue, as long as the rate of

perfusion Q is known. Equation (4) can therefore be rewritten as follows:

dem _ - 1
at - @ 1+x ([ /

7o) (P-m) =k(P-m). (5)

@ fat @ water

Certain limits can be set for the rate of perfusion and.-the fat
fraction of a tissue. The distribution coefficient of an inert gas between
fat and water is generally known with precision. We have deliberately
assumed that the rate of perfusion in man ranges from a minimum of
0. 0085 min—1 to a maximum which is greater than 0.3 min_l, and that the
fat fraction x of human tissue may range from 0 to 1. 0. Within these
limits it is possible to conceive of an infinite number of combinations of
Q and x , giving rise to an infinite number of values of k for a given
inert gas. For the purpose of following the time course of inert gas partial
pressures dissolved in various gas exchange units of the human body it is
sufficient to limit attention to the combination of a few representative
values of Q and x . The Tonawanda II Model of inert gas transport em-
ploys 15 such combinations as outlined in Table III.

Since ascent to altitude is tantamount to saturation decompres-
sion after a "dive" to 760 mm Hg with an extended "bottom time" at this
pressure, safe ascent from ground level to altitude is limited by the spced
with which the slowest tissue units of the body (mathematically represented
as the compartment with the smallest specific time constant of inert gas
transport) is able to lose gas during (and after) ascent. In our model,
compartment 15 has the smallest specific time constant of inert gas trans-
port and is therefore considered to be ascent-limiting during decompression
from saturation dives. As shown in Table IIl compartment 15 has a half-time
of 139 minutes for helium transport, and of 416 minutes for nitrogen transport,

since
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In2 0.693 . %fat Y fat
T = = 81.5 =
tz k 0. 0085 Y water 8 % water . (6)

The alveolar partial pressure of nitrogen is related to the
inspired fraction of oxygen, FIO , inspired partial pressure of nitrogen,
2

PT , respiratory quotient, R, and alveolar PCO by the alveolar nitrogen
: 2
eqﬁétion (Rahn and Fenn, 1955)

(1—1-‘IO ) PA (1-R)
P i 2 "co,

R - + P (7)

The eguation may be rewritten as

P (1-R)
Aco,

R

+ B-47) , (8)

where B represents the barometric pressure in mm Hg. By assuming stan-
dard values of R (0.8) and of alveolar P o (40 mm Hg), equation (8) re-
2

C
duces to

P = F. (B-37) . (9)

Assuming that the alveolar nitrogen equation can be applied

to.inert gases in general (F = F, ), combination of equations (5) and

I I .
(9) yields the expression N2 IG

dn =« _ 1
a "9 T X (e, ./

Y (F,  [B-37]- ) (10)

fat * water 1G

which was used to compute inert gas partial pressures in the 15 gas exchange

compartments of the Tonawanda II model throughout each of 388 altitude
flights analyzed under Contract NAS 9-6978.
For compartment 15 (Q = 0, 0085 min—l, x = 1,0), equation

(10) reduces to
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d @ .
ST - 0.0085 2L (. [B-37] - m). (11)
dt fat I
IG
B. Computational Approach

A data record format for the treatment of the information sup-
plied by the flight records available for analysis was selected with the view
of developing a decompression information system of sufficient capacity
and flexibility to meet not only the requirements of this contract but also
to meet all foreseeable requirements of the National Aeronautics and
Space Administration for the processing of decompression data. This in-

cluded both a coding format to insure the uniform handling of the data re-

ceived and their transcription unto data sheets, and a library record format
for the comprehensive representation of the results of our analyses on
magnetic tape.

The coding format consists of the following elements:

(a) Each subject is identified uniquely by 5 digits with
the first two digits identifying the geographic location where the data was
generated, and the last three digits identifying the individual subject.

(b) The physical characteristics of each subject are coded
and placed in external file. Age, weight, and height are the only physical
characteristics reported for all subjects whose records were available to us.

(c) Each flight is identified uniquely by 5 digits.

(d) The date of each flight is identified by 6 digits (day-
month-year) .

(e) The unit of time is one minute, the unit of pressure is
one mm Hg.

() The degree of activity of each subject during each

altitude decompression run is coded as follows:
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no information

no activity

activity but no exercise
light exercise

medium exercise

heavy exercise

B W N ke O

(9) The severity of physiological signs and symptoms is

coded as follows:

-1 no information
no pain or discomfort
1 forehead pain and other types of discomfort and/or
pain not necessarily associated with decompression
sickness
2 paresthesia, vasomotor abnormalities, skin rash,

blurred vision, and similar manifestations likely
to be associated with decompression sickness

3 slight discomfort or pain

definite pain, steady and moderate

severe pain

N

The School of Aerospace Medicine employs a numerical grading
system to describe the severity of the symptoms of decompression sickness;
the flight records generated by the Air Crew Equipment Laboratory contain
entries of the subject's own characteristics of his symptoms. It became
therefore necessary to reconcile these two systems. This was done by in-

troducing the grading method outlined above,

(h) The location of physiological signs and symptoms on or
in the human body is identified by four digits. A maximum of four different

locations may be identified simultaneously.

The library record format specifies that the following informa-

tion is recorded at each pressure/time discontinuity and at each incident

of decompression sickness with a code of 1, 2, 3, 4, or 5:

Location

Subject Number

Date

Flight Number

Time

Total Pressure

Calculated Alveolar Partial Pressure of Each Inert Gas
Breathed




_13_

Activity

Physiological Signs and Symptoms

Location of Physiological Signs and Symptoms (Up to
Four Locations)

For each of the 15 inert gas transport compartments of the
Tonawanda II model and for each inert gas the following calculated infor-
mation is recorded:

Tissue Partial Pressure of Dissolved Inert Gas (Pi Value)
Partial Pressure Minus Pi Value
Pi Value Minus Total Pressure

For each of 15 compartments, the following calculated infor-
mation is recorded:

Sum of Pi Values

Sum of Partial Pressures Minus Sum of Pi Values
Sum of Pi Values Minus Total Pressure

Sum of Pi Values Divided by Total Pressure.

Some comment concerning the significance of this information
is in order. "Partial Pressure Minus Pi Value" represents the 'driving force'
of exchange of a particular inert gas. If this quantity is negative, gas is
leaving the body; if it is positive, inert gas is being taken up. "Sum of
Pi Values" denotes the total pressure exerted by two or more inert gases
dissolved in the tissues at the same time. "Sum of Partial Pressures Minus
Sum of Pi Values" represents the overall (net) driving force of the simul-
taneous transport of two or more inert gases. "Pi Value Minus Total Pres-
sure"” represents the relative saturation of a particular compartment with
all inert gases. If this value is positive, supersaturation exists and de-
compression sickness may occur. Relative inert gas saturation may also

be expressed as "Sum of Pi Values Divided by Total Pressure, " also known
as Haldane Ratio. When expressed in this manner, supersaturation exists
if this ratio is greater than unity.

A proprietary digital computer program was used to calculate

partial pressures of inert gases dissolved in the 15 compartments of the
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Tonawanda II model according to equation (10), and to transcribe the
results of these calculations onto magnetic tape. At the beginning of
each flight, all compartments were considered to be equilibrated with
nitrogen at a partial pressure of 0.79 times the prevailing barometric
pressure. All barometric data needed to evaluate the altitude decompres-
sion records originated by the Air Crew Equipment Laboratory was obtained
from the U. S. Weather Bureau in Philadelphia. The pressure values ob-
tained were rounded off to the nearest even mm Hg.

The input data for the calculations performed were total
pressure, time, and composition of the breathing gas mixture. When
oxygen alone or in combination with helium was breathed, it was assumed
that administration of these gases took place by mask in an air environ-
ment at ground level or at altitude. In such instances, an inboard nitrogen
leakage was assumed to produce a nitrogen level in the inspired gas mix-
ture equal to 2 per cent of the total pressure.

Additional proprietary computer programs used in the course
of the present study include:

a program to print out any specified section of a result
tape;

a program to place the physical characteristics of each
subject on tape;

a program to perform correlative analyses of data on
"result" tapes:

a program to draw plots of the time course of inert gas
partial pressures in selected inert gas transport
compartments;

a program to draw plots of maximum Haldane Ratios
sustained in all flights against weight or age
of the subject with each plotted point indicating
decompression success or failure,



t

'oom Sy S3S SUS SRS SN OGS OBN UM GEN NS GuE W AN Bm

..15_

III. RESULTS AND DISCUSSION

A. Test of the Tonawanda I Model

The following computations were carried out in order to de-
termine if the Tonawanda II model of inert gas transport is capable of
coirecily predicting the incidence of decompression sickness in altitude
flight profiles on the basis of calculated inert gas tensions in the ascent-
limiting compartment.

Using equation (11), the time course of the sum of inert
gas partial pressures in compartment 15 was calculated in 12 simulated
MOL profiles flown in altitude chambers at the USAF School of Aerospace
Medicine (Mclver, Allen, Beard, and Bancroft, 1967). For each MOL
profile, the maximum Haldane Ratio (sum of Pi values divided by total
pressure, Zmw/B) sustained was recorded, and all profiles ranked in order
of increasing magnitude and frequency of occurrence of this maximum
Haldane Ratio. For example, if a particular maximum relative supersatura-
tion was encountered three times in a given MOL profile, we would judge
this flight profile to be more prone to result in decompression sickness than
if the subject had been exposed to this high relative supersaturation only
once or twice.

Where more than one profile fell into one of these gross and
admittedly arbitrary categories, we subclassified these profiles further
by noting differences in the second highest value of >« /B associated with
a given profile (Table IV).

On this basis we were able to rank the 12 simulated MOL
profiles in terms of the relative severity of the episodes of supersatura-
tion associated with each. We then compared this ranking with the actual
bends experience associated with the 12 simulated MOL profiles analyzed
(Table V). This comparison is presented graphically in Figure 3. Inspec-
tion of this figure shows that except for profiles 2B and 2C the Tonawanda

II model predicted the relative hazards of decompression sickness for all
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other profiles with remarkable accuracy. The position of flights 2B and 2C in
Figure 3 is significant, because for both flights the model erred on the con-
servative side, by predicting a greater relative bends hazard than was actually
encountered.

This surprisingly accurate nrediction of the relative decompression
hazard associated with each of the 12 flight profiles analyzed is particularly
remarkable since the ranking methods used were admittedly crude. For example,
neither the nature of the inert gases ( helium and/or nitrogen) dissolved in
the tissues, nor the total pressure at which supersaturation was sustained, nor
the rate of decay of this supersaturation was taken into consideration in arriving
at the predicted ranking. Also, we did not take into account the point of
occurrence nor the severity of the reported symptoms, but merely computed the
ratio of the number of reported incidences of decompression sickness to the
number of subjects flying each profile to arrive at the ranking of actual deconi-
pression experience. Finally, no attempt was made to account for changes in
the value of Q due to exercise or the breathing of oxygen.

On the basis of these results, we proceeded to analyze a total
of 388 individual altitude flight profiles in a similar manner in order to derive
ascent-limiting conditions of dissolved tissue inert gas pressure for the develop-
ment of safe decompression procedures for the ascent of aerospace personnel to
altitude.

B. Analyses of 388 Flight Records

A total of 429 altitude decompression records were received
from Manned Spacecraft Center for analysis under this contract. These re-
cords had been obtained in 72 altitude decompression chamber experiments
performed on 37 subjects by the U. S. Navy Air Crew Equipment Laboratory at
Philadelphia and in 49 altitude decompression chamber experiments performed
on 17 subjects by the USAF school of Aerospace Medicine at Brooks Air ['orce
Base. Twenty-five of these records were found to lack essential information
such as date or subject information. This information could not be retrieved

by the Air Crew Equipment Laboratory and the flights affected
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were dropped from consideration. The remaining 404 records were coded
and the information entered on punch cards. On final inspection, 16 of
these 404 records were found to be sufficiently deficient in information
content to merit their elimination; the remaining 388 flights were pro-
cessed, the results transcribed onto magnetic tape, and subjected to 11
correlative and 22 graphic computer analyses.

The computer analyses“performed on the processed 388 flight
records represent a process of evolutionary refinement. The first two
analyses performed attempted to correlate decompression success with
the Haldane Ratios sustained in compartment 15 at the various pressure/
time discontinuties of each flight, without regard to the nature of the
inert gas dissolved in the tissues. This did not produce conclusive results.
This approach was refined in Analysis No. 4 where only the highest Haldane
Ratio sustained in each flight was used as the basis for correlation with the
incidence of decompression sickness. This is the approach which we used
in the successful evaluation of the 12 MOL flight profiles to test the Tona-
wanda II model, and it proved to be fruitful again: the incidence of decom-
pression sickness increased with increasing maximum Haldane Ratio, except
that an abnormally low rate of incidence of decompression sickness in the
Haldane Ratio range of 2.21 - 2.40 was noted. Analysis No. 9 reviewed
the flights which generated this data. It developed that these flights were
generated at the Air Crew Equipment Laboratory, Philadelphia, and were
flights in which helium was not breathed. Considering the rapidity of
onset of bends symptoms in flights in which helium is breathed (as shown
by Analysis No. 8), it is logical to ascribe to sample bias the low inci-
dence of decompression sickness in the Haldane Ratio range of 2. 21 -
2.40,

Diving experience has shown that permissible supersatura-

tion, if expressed as a ratio of dissolved gas tension to total pressure,

~varies with depth. Since the flights analyzed in the present study varied

considerably in the minimum total pressure attained, it was felt to be

*The rationale of these analyses and their over-all results are presented
in Appendix II to this report.
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appropriate to base further analyses on dissolved inert gas tensions
calculated for compartment 15 within selected total pressure ranges.

This was done in Analysis Nos. 3 and 5, and revealed highly significant
differences between the average inert gas tension in "hit" and in "no hit"
flights in each of three total pressure ranges examined. In retrospect
this approach turns out to be seriously flawed by the fact that in "no hit"
flights, inert gas tensions in compartment 15 will continue to drop until
the entire programmed time at altitude has elapsed. Since the compu-
tation of dissolved inert gas ten sions in flights in which decompression
sickness occurred is carried out only until the first reported symptoms,

it is clear that the average inert gas tension at a particular tcotal pressure
would obviously be higher in flights in which decompression sickness
occurred. This was corrected in Analysis No. 6. Here, all helium flights
were eliminated to avoid undue bias of the sample, since helium flights
tend to produce a more rapid onset of decompression sickness than nitro-

gen flights. Further, we elected to correlate only the highest (that is the

failure of decompression. The results of this analysis show that the average
initial nitrogen tension in each of three pressure ranges examined is higher

for flights in which decompression sickness occurred than in "no hit"
flights. This difference is statistically significant for the total pressure
ranges of 150 — 200 mm Hg (p < 0.001) and 350 - 400 mm Hg (p < 0. 05}.
In Analysis No. 7 the same correlation was attempted after reincorporating
all helium flights into the statistical population. No statistically signifi-

cant differences in the average initial (highest) total dissolved inert gas
tensions in compartment 15 were noted.

In Analysis No. 8 we attempted to produce objective support
for the subjective observation that decompression sickness develops more
rapidly in helium flichts than in nitrogen flights. We arrayed all flights
in terms of the computed average rate of decrease in inert gas tension in

compartment 15 between arrival at a particular pressure and the onset of

decompression sickness. As expected, the majority (30) of all 42 helium

I initial) nitrogen partial pressure in compartment 15 with success and
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flights in which decompression sickness was reported showed a more ra pis

gas loss from compartment 15 than all nitrogen flights in which decompres-

sion sickness occurred. [t should be noted that in all flights compartment

.

15 always contained nitrogen in addition to helium, and that in most in-

stances the computed nitrogen tension at the onset of decompression sick-

ness was greater than that of helium.

The results of Analyses Nos. 7 and 8 point up the difficulty

in evaluating so-called helium flights in which the exposure to helium is

)

not sufficiently long to produce only helium tensions in the ascent-limiting
tissues. As far as compartment 15 is concerned, such flights represent
flights on variable mixtures of nitrogen and helium which canaot be treated
on the same basis as pure nitrogen flights. Our approach to this dilemma
was to exclude all helium flights from further consideration and to con-
centrate on the development of ascent-limiting gas tensions for nitrogen
flights. This was done in Analysis 10 which will be discussed in greater
detail later on in this report.

In Analysis No. 11 an attempt was made to determine individual
susceptibility of individual subjects to decompression sickness. It was

quickly realized that the wide variety of flight profiles flown by the indi-

vidual subjects made such a determination impossible without giving con-

C T,

sideration to a reasonably uniform test basis. Two graphic displays were

prepared by computer in an attempt to correlate with age and weight decomi-
pression success or failure of each of 52 subjects* for the flight in which
the highest Haldane Ratio was sustained. The data scatter for both correla-
tions appeared to be entirely random in nature. This information has been
transmitted to the Manned Spacecraft Center. This particular data presenta -
tion was chosen since the degree of supersaturation (Haldane Ratio) sus-
Bined in each flight may be assumed to be a more important determining
factor in the production of decompression sickness than either age or weight.
By selecting as the test basis for each subject only the most stresstul

decompression situation (highest Haldane Ratio) sustained, it could be

Pc;r two of the 54 subjects included in the present analysis (PH 03 and
PH 23) weight and age data were not available.
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reasonably expected that effects of age or weight, if present, would be
more clearly discernible. This did not turn out to be the case.

Analysis No. 11 also afforded an opportunity to relate the
level of exercise (activity) with the susceptibility to decompression
sickness of the individual subjects in this series. Visual inspection of
the results yielded no apparent correlation. Detailed statistical treat-
ment of the data did not seem warranted in view of the relatively small
number of subjects, but more importantly because of the heterogeneous
nature of the information (various types of flight, variations in age,
height and weight, and presence or absence of helium). The effect of a
single parameter such as the level of activity on decompression success
can easily be studied experimentally under conditions where all other
important factors which affect decompression success can be controlled.
Given the nature of the data available for the present analysis it does
not seem possible to arrive at a statistically valid ex post facto conclusion
concerning the effect of activity on decompression success.

Analysis No. 10 represents the tabulation of all nitrogen
flights, and the occurrence among those flights of instances of decom-
pression sickness of grade 2-5 as a function of the computed maximum
nitrogen tension in compartment 15 at total pressures of 150 - 200, 250 -
300, and 350 - 400 mm Hg. Within each of these three pressure ranges
it is possible to find ranges of 1715N2 to which can be assigned a particular
decompression risk. For example (see Appendix II, Results of Analysis No.

10), there were a total of 24 flights to a total pressure of between 150 anv
200 mm Hg in which the maximum value of w!°N, was computed to fall
between 190 and 210 mm Hg. Five of these flights resulted in decom-
pression sickness. Consequently, we can say that on the average 21 out
of 100 subjects for whom a value of w!N, between 190 and 210 mm Hg
can be computed on arrival at 150 - 200 mm Hg total pressure, will
develop decompression sickness within two hours. By the same reason-
ing, the percentage of risk of decompression sickness can be determined

for ranges of total pressure and Tr’5NZ for which sufficient data is available
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for analysis. This was done as shown in Table VI. It can be seen that
only tor the target pressure range of 150-200 mm. Hg is there suificient
data on hand to construct a risk profile that ranges from no decompression
sickness risk to virtual certainty of decompression sickness as a function
of the computed maximum nitrogen tension in compartment 15 on arrival at
the target pressure. Significant data for ascent to target pressures of
200-250, 300-350, and tc more than 4020 mm. Hg is entirely lacking, and
for th» target pressure ranges of 250-300 and 350-400 mm. Hg no high de -
compression risk data could be obtained from the 388 flight records that
were analyzed. In order to provide this information it is recommended
that a substantial number of additional records of nitrogen flights to target
pressures of more than 200 mm. Hg be analyzed. These target pressurcs
should be distributed fairly equally over 50 mm. Hg pressure segments.
Emphasis should be placed on flight profiles which have produced a reasorn -

ably high risk of decompression sickness.

Given a particular target pressure and a computed maxi -
mum value of 1111\]52 at that pressure, the risk of decompression sickness,
all other factors being equal, would depend upon the duration of the sub-
ject's residence at the target pressure. The sample data on hand is not
large enough to analyze this temporal aspect of decompression sickness.
It is possible, however, to make certain gross classifications. lor ¢x-
ample, by considering only those flights as "hit" flights in which decon -
pression sickness occurred within a specified time at the target pressure,
a new risk level of decompression sickness can be computed for the cval
uation of flights in which exposure to the target altitude is limited to
that specified time. The risks of decompression sickness presented in
Table VI presume an essentially infinite stay at the target pressure. lor
the pressure range of 150-200 mm. Hg these risks were recomputed by
considering as "no hit" flights all those flights in which decompression

sickness occurred more than 2 hr. after arrival at the target pressure.
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These new 2-hr. risk levels, as shown in Table VI, are not matcrially
different from the original, infinite-time risk levels. As the exposure 1o
the target pressure decreases to well below 2 hr., thesce risk levels cain
be expected to decrease considerably. A graphic display of infinite -timo

-4 B A U ST 3. S J . . \
rigsk levels as a function of maximum N, SF€ shown in Tig. 4 for ihrec
2

ranges of target pressure.

Diving experience, especially by the United States Navy
has shown that certain levels of calculated tissue inert gas tensions are
compatible with safe ascent to surface pressure. From this experience
Workman (1965) has extracted a set of ascent-limiting helium and nitro-
gen tensions for several body compartments. By the linear extra- and
interpolation of these data it is possible to arrive at an extension of
these ascent-limiting values to altitude. Values so obtained for nitrogen
dissolved in compartment 15 are presented in Table IX. These values are
quite high as compared to those extracted by our current analysis of 388
altitude flights (Table VI). It is therefore obvious that a linear extrapola -
tion of ascent-limiting tissue tensions of inert gases derived from diving
experience does not lead to fruitful results in assessing the risk of altitude

decompression sickness.

Six altitude decompression profiles were submitted by the
Manned Spacecraft Center for an evaluation of their potential risk of de -
compression sickness. These profiles are summarized in Table VII. Max .
imum values of ﬂ}l\;z were computed at each discontinuity of these profile:.,
and the 2 -hr. risk of decompression associated with these values at the

total pressure range at which they occurred was determined from Table VI.

The results of this evaluation are presented in Table VIII

It is necessary to recall that the criteria of decompression
sickness on which Analysis No. 10 is based are broad and encompass a
variety of subjectively felt abnormalities (see page 12 for a definition o1

grades 2-5 of decompression sickness) This tends to produce a much
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higher apparent risk of decompression sickness than would be encountered
in situations where the subject may be reluctant to report even severe pain,
such as in decompression runs designed to determine continued fitness to
fly a military airplane. D.I1. Fryer (personal communication) for example
reports a 4% incidence of decompression sickness in pilots so tested by
exposing them to 28, 000 ft. (246.8 mm. Hg) for 2 hr. This profile entails
a maximum value of ﬂIl\Tsz equal to 580 mm. Hg which, according to Tahle VI
should result in an incidence of decompression sickness of all grades of
more than 31% . Inspection of the primary computer printout records of all
nitrogen flights to a target pressure of 250-300 mm. Hg shows that the
most severe grade of decompression sickness reported was 3, defined as
slight discomfort or slight pain. It seems obvious that a subject whose
flying career is at stake would not readily report such a tolerable symptom
of decompression sickness, while a subject participating in a scientific
experiment would be positively motivated to do so. In the absence of ob-
jective means of assessing the presence of decompression sickness with-
out the cooperation of the subject discrepancies such as this must be ex-
pected in evaluating the incidence of altitude decompression sickness.

On the other hand, computer analyses of additional altitude flight records
would create a body of data sufficiently large to develop decompression

risk levels differentiated by the severity of the symptoms that are to hc

expected.

In addition to these eleven computer analyses, we pre-
pared graphic displays of the time course of inert gas tensions computad
for compartments No. 8, 9, 10, 11, 13, 14 and 15 of 20 altitude profiles,
each flown by two or more subjects. This information was submitted to
the Manned Spacecraft Center together with a numerical computer printont
of all calculated and recorded information associated with the flights
represented by these 20 profiles. A list of the chart, flight and subject
numbers involved is presented as Appendix III to this report. The detailed

results of all analyses conducted under Contract NAS9 -6978 are being
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retained by the contractor. Information available on the contractor's
primary computer printouts or magnetic tape records which is not pre -
sented in this report can be made available to the Manned Spacecraft

Center on request. Such requests should be directed to: Dr. H.R.

Schreiner, Research Supervi

telephone (716) 877-1600, Ext. 8073,
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TABLE VI

Risks of Decompression Sickness of Grade 2-5

as a Function of Computed Maximum Nitrogen

Tension in the Slowest Gag Transport Compartment

)

of the Human Body @II\;
2

(Interpretation of the Results of Analysis No. 10)

Range of Percent Risk of Percent Risk of
Target Pressure Maximum Decompression Decompression
Range (mm. Hg) EII\Isz (mm. Hq) Sickness Sickness*
350-400 0-565
565-582 11
250-300 0-415 0
415-425 13
455-467 31
150-200 0-190 0 0
190-210 21 21
225-240 25 25
240-295 33 29
305-425 36 36
425-465 41 35
465-480 85 83

* With the onset of symptoms occurring within 2 hr. after arrival

at pressure range shown.
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TABLE VII

Altitude Decompression Profiles Submitted by the

Manned Spacecraft Center for Evaluation of Their

Potential Risk of Decompression Sickness

Case 1 Two hours pre-oxygenation at 760 mm. Hg followed by
ascent in one minute to 181 mm. Hg, and residence at
this pressure for two hours while on 100% oxygen.

Case 2 Three hours pre-oxygenation at 760 mm. Hg. followed
by ascent in one minute to 181 mm. Hg, and residence
at this pressure for two hours while on 100% oxygen.

Case 3 Four hours pre-oxygenation at 760 mm. Hg followed by
ascent in one minute to 181 mm. Hg, and residence at
this pressure for two hours while on 100% oxygen.

Case 4 Three hours pre -oxygenation at 760 mm. Hg, shift to
60% oxygen, 40% nitrogen followed by ascent in one
minute to 258 mm. Hg, and residence at this pressure
for 4 hr. Shift to 100% oxygen, ascent to 181 mm. Hg
in one minute, and residence at this pressure for 2 hr.

Case 5 Four hours pre-oxygenation at 760 mm. Hg, shift to
45% oxygen, 55% nitrogen followed by ascent in 1 min.
to 481 mm. Hg, and residence at this pressure for 3 hr.
Shift to 100% oxygen, ascent to 181 mm. Hg. in 1 min.,
and residence at this pressure for 2 hr.

Case 6 Residence at 1452 mm. Hg for 24 hr. breathing 20%
oxygen, 80% nitrogen, followed by ascent to 760 mm. Hg
in 1 min., and residence at this pressure for 2 hr. With-
out shift in gas mixture, ascent to 564 mm. Hg in 1 min.
followed by residence at this pressure for 2 hr.
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TABLE VIII

Predicted Risk of Decompression Sickness of Grade 2-5

Associated With Six Altitude Decompression

Profiles Submitted for Evaluation*

Maximum
nll\f’z at
Target Target Percent Risk of
Pressure Altitude Decompression
Case No. (mm Hg) (mm Hg) Sickness®*
1 181 470 83
2 181 426 35
3 181 387 36
4 258 427 13
181 315 36
5 481 388 0
181 350 36
6 564 1029 ot

* See Table VII

** With the onset of symptoms within 2 hours after arrival at
taret pressure shown.

**%* Workman's ascent-limiting nitrogen partial pressure (M value)
extrapolated to 546 mm Hg is equal to 946 mm Hg (see Table IX).
On this basis Case 6 should be associated with considerable risk
of decompression sickness.

S n e TN T T M VR mmommowuotm ommowm omm e wu em ws S we me
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TARILE TX

Suggested Ascent-Limiting Tissue Nitrogen Tensions

for Compartment 15 Extrapolated From

Workman's (1965) Diving Data

(mm Hg) (mm Hg)

760 1152
710 1100
660 1049
610 998
560 946
510 895
460 844
410 792
360 741
310 690
260 638
210 587
160 536

. Target Pressure Suggested Maximum "11\512
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Term

“"Clean"

"Clean" flight

Discontinuity

Flight

Flight character

Flight number

Haldane Ratio

"Hit ”n

"Hit" flight

"Hit" score

APPENDIX I

Glossary of Terms

Definition

Symptoms of decompression sickness not reported by
the subject

The initial portion of a flight prior to the first report of
symptoms of decompression sickness by the subject

Every abrupt change in total pressure or composition
of inspired gas during a flight

The tissue course of total pressure and inspired gas
composition to which a given individual subject is
exposed experimentally

A given flight is characterized as either a "no hit" or

a "hit" flight, depending on whether or not symptoms

of decompression sickness were reported by the subject.
A "no hit" flight is considered "clean" throughout; a
"hit" flight is considered "clean" until the first report
of symptoms of decompression sickness by the subject

A 5-digit identification of an altitude flight by one
individual subject

The sum of dissolved inert gas partial pressures cal-
culated for a particular hypothetical tissue compartment
divided by the total pressure

Symptoms of decompression sickness reported by the
subject

A flight in which symptoms of decompression sickness
were reported by the subject

The severity of reported symptoms of decompression
sickness (or their absence) expressed as "grades"
ran ging from -1 to +5. For grading criteria see text.



"No Hit" flight

Sigma Pi 15 (= s)

Subject identifica-
tion

Supersaturation

Target Altitude

Target Pressure

A flight in which no symptoms of decompression
sickness were reported by the subject.

The sum of dissolved inert gas partial pressures
calculated for the 15th hypothetical tissue compart-
ment of the Tonawanda II Gas Transport Model (see
text)

A 3-digit unique identification of each subject pre-
ceded by 2 digits identifying the geographic location

where data was generated

A condition in which the calculated total pressure of
all inert gases dissolved in one or more body com-
partments exceeds the barometric pressure to which
the subject is exposed.

The altitude attained by a given flight. Depending
on the flight profile, there may be more than one
target altitude for a given flight.

The total pressure prevailing at the target altitude.
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Objectives and Results of Eleven Computer Analyses

of 388 Altitude Flight Records
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NAS 9-6978

Analysis No. 1

Objective: Correlate ranges of Haldane Ratios sustained in the 15th
tissue compartment during each flight with reported decompression
sickness ("hit").

Execution: Select several ranges of Haldane Ratios (in units of 0. 5)
and list for each range those flights in which a ratio falling within that
range occurred in the 15th compartment. Show the number of such occur-
rences in each range. For each range, list the identification numbers of
those flights in which decompression sickness had not developed at the
time a given ratio was sustained ("clean” flights) and, separately, those
of "hit" flights. Flights which were "clean" when a particular ratio was
sustained, but which subsequently became "hit" flights are to be marked
by an asterisk. The ratios are to be tabulated (by identifying flight num-
ber, each flight number constituting one entry) up to and including the
first report of a "hit" (see definition below). Accordingly, there will be
only one "hit" reported in each "hit" flight.

Definition: "Hit" flights are considered "clean" until the first report
of a "hit" score of 2 or higher, except that if the highest "hit" score
attained throughout the flight is 2, the flight is considered to be a "no
hit" flight.

For each ratio range list total number of flights, number of "hit" flights
and percentage of "hit" flights.



Haldane Ratio

Range
0-0.50
0.51 - 1.00
.01 -1.50
.51 -2,00
2.01 - 2.50
2.51 - 3,00

% gee definition.

NAS 9-6978

Results of Anal ysis No. 1

Total Number
of Flights

212
340
281
383
121

55

Number of Flights Resulting in "Hits"

of Grade 3-5%

Number

1
7
58
51
48
8

173

Per Cent

0.
2.
20.
13.
39.
14.

472
059
641
316
669
545



NAS 9-6978

Analysis No. 2

Objective: Correlate ranges of Haldane Ratios sustained in the 15th
tissue compartment during each flight with reported decompression
sickness {"hit).

Execution: Select several ranges of Haldane Ratios (in units of 0. 5)
and list for each range those flights in which a ratio falling within that
range occurred in the 15th compartment. Show the number of such occur-
rences in each range. For each range, list the identification numbers
of those flights in which decompression sickness had not developed at
the time a given ratio was sustained ("clean" flights) and, separately,
those of "hit" flights. Flights which were "clean" when a particular
ratio was sustained, but which subsequently became "hit" flights are
to be marked by an asterisk. The ratios are to be tabulated (by identi-
fying flight number, each flight number constituting one entry) up to and
including the first report of a "hit" (see definition below). Accordingly,
there will be only one "hit" reported in each "hit" flight.

Definition: "Hit" flights are considered "clean" until the first report
of a "hit" score of 3 or higher, except that if the highest "hit" score
attained throughout the flight is 3, the flight is considered to be a
"no hit" flight.

For each ratio range list total number of flights, number of "hit" flights
and percentage of "hit" flights.
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Haldane Ratio

Range

0-0.50
.51 -1,00
.01 -1.50
.51 - 2.00
2.01 -2.50
2.51 -3.00

* see definition.

NAS 9-6978

Results of Analysis No. 2

Total Number

Number of Flights Resulting in "Hits"

of Flights of Grade 4-5%
Number Per Cent
271 0 0
348 7 2.011
293 36 12, 287
378 31 8. 201
117 29 24.786
54 5 9. 259
108




NAS 9-6978

Analysis No. 3

Objective: For each of several ranges of total pressure, determine
correlation between character of flight (¥clean, * *no hit, “ or *hit")
and sum of inert gas pressures calculated for 15th tissue compartment
at each discontinuity.

Execution: For each 50-mm. Hg range of total pressure, compute the
average, minimum and maximum value of X m;5 at each discontinuity
for all "no hit" flights, all "clean" flights, and at the moment of the
first "hit" report. In this categorization, each discontinuity in each
flight is associated with a calculated value of = m;5. The value of

Z ms calculated at the moment of the first "hit" report is the final

> ms data point generated by a "hit" flight. Accordingly, there is only
one "hit" value of ¥ m;; stated for each "hit" flight.

In each pressure range also show the number of data points giving rise
to the average values of X 15 listed. Use "hit" definition of Analysis

No. 1.
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NAS 9-6978

Analysis No. 4

Objective: Correlate highest Haldane Ratio sustained in 15th tissue
compartment with report of decompression sickness ("hit").

Execution: Array ali flights in terms of increasing maximum Haldane
Ratio sustained in 15th compartment. Indicate for each flight the maxi-
mum "hit" score attained. Sub-array all flights into discrete ranges

of maximum Haldane Ratio sustained and determine for each such range
the total number of flights, and number of flights in which "hits" were
reported, according to their score. Develop this information and per-
centage of incidence for "hit" scores 2-5, 3-5, 4-5, and 5.




Haldané Ratio

Range*

Results of Analysis No. 4

Total Number

Number of Flights Resulting in "Hits" of Grade:

NAS 9-6978

v VNV

.41-1.
.61-1.
.81-2.
.01-2,
.21-2,
.41-2.
.61-2.
.81-3.

* Maximum Haldane Ratio sustained during flight in 15th compartment.

60
80
00
20
40
60
80
00

of Flights 2-5
86 28
126 67
54 28

17 11

53 23

27 20

24 21

1 1

388 199

{m\
i/of

(33) 22
(53) 58
(52) 26
(65) 10
(43) 21
(74) 18
(87) 17

1
(51) 173

e ]

2D

%) 4-5 (%) 5
(26) 11 (13) 4
(46) 40 (32) 12
(48) 16 (30) 6
(59) 4 (24) o
(40) 14 (26) 5
(67) 10 (37) 4
(71) 12 (50) 4

1 0
(44) 108 (28) 35

(%)

(5)
(10)
(11)
(0)
(9)
(15)
(17)

(9)




NAS 9-6978

Analysis No. 5

Objective: For each range of total pressure for which sufficient data is
on hand, determine the difference, and the statistical significance of
this difference in average values of = m;5 between "no hit" flights and
all flights in which a "hit" was reported.

Execution: For the ranges of 150-200, 250-300, and 350-400 mm. Hg,
determine for each discontinuity the value of ¥ m5 for all "no hit" flights
and for all flights in which a "hit" was reported @ccording to the defini-
tion of Analysis No. 1). Compute the minimum, maximum, and average
value of ¥ 1,5 for both types of flights and the t values (Student's t for
unpaired variates) associated with the differences between the average
> 115 values in each pressure range.
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NAS 9-6978

Analysis No. 6

Objective: For each range of total pressure for which sufficient data
is on hand, determine the difference and the statistical significance of
this difference in the highest value of =1!° between "no hit" flights and
all flights in which a "hit" was reported. 2

Execution: For the ranges of 150 - 200, 250 - 300, and 350 - 400 mm
Hg, determine the highest value of the calculated dissolved nitrogen pres-
sure in the 15th tissue compartment (w!°
for each nitrogen flight. Thus there will" 2 be only one stated value of

71 per flight and pressure range. Eliminate from consideration all
fli.glgfs in which helium was breathed. Compute the minimum, maximum,
and average of the highest values of = !® in all flights for which a

"hit" was reported (according to the 2 definition of Analysis No. 1)

and in all "no hit" flights. Also compute the t values (Student's t for

unpaired variates) associated with the differences between the average

highest m'*__ values in each pressure range. Disregard all calculated

values of zZ b obtained after the first report of a "hit" as defined
, N,

by Analysis No. 1.

) experienced at any discontinuity
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NAS 9-6978

Analysis No. 7

QObjective: For each range of total pressure for which sufficient data
ig on hand, dctermine the difference in the highest value of w5 and the
significance of this difference between "no hit" flights and all flights in
which a "hit" was reported.

Execution: For the ranges of 150 - 200, 250 - 300, and 350 - 400

mm Hg, determine the highest value of 7, experienced at any discon-
tinuity within a given pressure range for each helium flight. Thus there
will be only one stated value of = m s per flight and pressure range.
Eliminate from consideration all flights in which helium was not breathed.
Comm te the minimum, maximum, and average of the highest values of
Zmys in all flights for which a "hit" was recorded (according to the defi-
nition of Analysis No. 1) and in all "no hit" flights. Also compute the t
values (Student's t for unpaired variates) associated with the differ ences
between the average highest X ,; values in each pressure range. Dis-
regard all calculated values T v, obtained after a "hit" as defined by
Analysis No. 1.
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NAS 9-6978

Analysis No. 8

Objectiive: Correlate the rapidity of onset of pain-type decompression
sickness with the rate of inert gas loss from the 15th tissue compartment.

Execution: Select all flights resulting in hits of grades 3 - 5. Deter-
mine the running time at the instance a hit of grade 3, 4, or 5 is first
reported. Then determine the value of ¥w,. at the last discontinuity
immediately preceding the instant of the "hit". Divide the difference
between ¥ w5 at the last discontinuity and at the onset of the "hit" by
the time elapsed At between these two events. If this ratio is negative
(indicating gas uptake) show its negativity. Print out all flight numbers
arranged in order of decreasing associated values of A% m,s/At; also print
out values of n° and 7% at the last discontinuity and at the first
"hit" of grade 3 ¢ or higher.
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NAS 9-6978
Analysis No. 9
Objective: To ascertain the reasons for the abnormally low rate of
incidence of decompression sickness for flights with a maximum Haldane
Ratio in the range of 2. 21 - 2.40 as shown by Analysis No. 4.
Execution: For all flights in which a maximum Haldane Ratio between

2.21 and 2.40 was attained, print out the following information: Flight
Number, Maximum Haldane Ratio (in increasing order), total pressure,
subject identification number, and maximum grade of "hit" reported for
the flight.
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Flight No.

25219
25071
25124
25258
25238

25009
25044
25126
25220
25260

25210
25247
25030
250290
25007

25139
25204
25196
25088
25075

25171
25032
25049
25189
25106

25162
25163
25022
25057
25081

25094
25178
25108
25279
25270

NAS 9-6978
Results of Analysis No. 9
Haldane Ratio Total Pressure Subject Maximum Grade
Ident, No. of Hit
2. 275 179. 34 PH 28 0
2.351 176. 86 PH 09 5
2. 355 176. 86 PH 13 0
2. 355 176. 86 PH 33 3
2. 355 176. 86 PH 30 0
2. 369 180. 44 PH 02 0
2. 369 180. 38 PH 06 0
2. 369 180. 89 PH 14 5
2. 369 180. 89 PH 29 0
2. 369 180. 89 PH 34 3
2.373 181. 25 PH 27 4
2.375 179. 39 PH 32 0
2. 375 179. 39 PH 05 0
2.375 179, 39 PH 03 0
2.376 179. 39 PH 01 0
2.376 179. 34 PH 15 0
2.376 179. 34 PH 26 0
2.376 179. 34 PH 25 0
2.379 178. 88 PH 11 3
2.379 178. 88 PH 10 3
2. 379 178. 88 PH 20 5
2.379 178. 88 PH 05 2
2.379 178.62 PH 07 4
2.379 178.62 PH 24 3
2.379 178.62 PH 12 4
2.379 178.62 PH 19 4
2.379 178. 68 PH 19 0
2.379 178. 68 PH 04 4
2.379 178. 86 PH 07 0
2.379 178. 86 PH 10 0
2.379 178.8 PH 11 0
2.379 178. 86 PH 20 5
2. 380 179.97 PH 12 0
2. 380 179.97 PH 36 4
2. 380 179. 97 PH 35 0
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25155
25280
25272
25029
25195

25160
25170
25115
25096
25221

25083
25148
25058
25290
25097

25038
25050
25161

NIV NNV NN DNV

. 381
. 381
. 381
. 381
. 381

. 381
. 381
. 381
. 381
. 382
. 382
. 382
. 382
. 382
. 382

.382
. 386
. 387

180.
180.
180.
180.
180.

180.
180.
180.
180.
182.

182,
182.
182.
182.
182,

182.
178.
180.

60
60
60
44
44

44
44
38
38
33

33
33
33
33
33

51
17
38

PH
PH
PH
PH
PH

PH
PH
PH
PH
PH

PH
PH
PH
PH
PH

PH
PH
PH

18
36
35
04
24

18
19
12
11
29

10
17
08
37
11

05
07
18
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*  NAS 9-6978

Analysis No. 10

Objective: To assess the distribution of maximum values of = ¥°__
sustained in each range of total pressure for which sufficient data *'2
is on hand.

Execution: Determine the highest value of calculated dissolved
nitrogen pressure in the 15th tissue compartment (w!* ) experienced
at any discontinuity or at the moment of the first 2 reported "hit"

for each nitrogen flight. Eliminate from consideration all flights in
which helium was breathed. In each of the following three pressure
ranges (150 - 200, 250 - 300, and 350 - 400 mm Hg) tabulate the values
of w15 in increasing order of magnitude, and indicate for each entry
the chafacter of the flight ("hit" or "no hit"). If the first "hit" was
sustained within the pressure range for which the tabulation is made,
show the 'hit" score as well. If the first "hit" of a "hit" flight did

not occur in the pressure range for which the tabulation is made, show
the total pressure at which the first hit was reported.
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NAS 9-6978

Results of Analysis No. 10

A. Pressure Range 400 - 350 mm Hg

T ‘~5N No. of Flights with
2 "Hits" of Grade

2 -5
0 - 565 0
565.1 - 570 3
570.1 ~ 575 3
575.1 -~ 582 2
8

B. Pressure Range 300 - 250 mm Hg

T 15
N, No. of Flights with

"Hits" of Grade

2 -5
0-415 0
415.1 - 420 1
420.1 - 425 0
455, 1 - 460 17
460.1 - 465 6
465.1 - 467 2
26

C. Pressure Range 200 - 150 mm Hg

T ISN No. of Flights with

2 "Hits" of Grade
2-5
58 1
185.1 - 190 0
190.1 - 195 3
205,.1 - 210 2
225.1 - 230 10
230, 1 - 235 0
235.1 - 240 2
240, 1 - 245 0
250.1 - 255 0
260, 1 - 265 2

Total Number

Cumnmulative Total

of Flights No. of Flights
12 12
18 30
31 61
27 88
88

Total Number

Cumulative Total

of Flights No. of Flights

3 3
6 9
2 11

42 53
4 87
4 91

91

Total Number

Cumulative Total

of Flights No. of Flights
2 2
14 16
14 30
10 40
24 64
3 67
22 89
3 92
3 95
21 116
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NAS 9-6978

Analysis No. 11

Objective: To correlate individual susceptibility to decompression
sickness with maximum Haldane Ratio sustained.

Execution: Arrange all nitrogen flights in order of decreasing maximum
Haldane Ratio sustained. Print out the following information for each
flight (omit all flights during which helium was breathed) .

Running Number (1, 2, ...), Flight Number, Subject Iden-
tification Number, Maximum Haldane Ratio Sustained, Maximum Hit
Grade Sustained, Yes or No statement concerning in-flight exercise,
total number of nitrogen flights of the subject, number of nitrogen "hit"
flights (definition of analysis 1) of subject, and ratio of "hit" flights
to total flights (all nitrogen) of subject.
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NAS 9-6978

Results of Analysis No. 11

(Summary)

Subject Identification No.
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14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

Incidence of Decompression
Sickness (Grades 2 - 5)

5/6

1/6

0/4
4/7
6/12

1/5
5/9
7/8
3/9
4/13

7/18
2/10
2/9
5/7
5/7

4/6
3/8
1/7
2/9
3/8

4/7
0/2
0/1
0/6
0/2

2/7
4/6
2/7
2/10
3/8

2/2
3/7
5/9
4/9
1/9



PH 36
PH 37
SA 38
SA 39
SA 40

SA 41
SA 42
SA 13
SA 44
SA !5

SA 46
SA 47
SA 48
SA 49
SA 50

SA 51
SA 52
SA 53
SA 54

4/7
6/8
0/8
2/3
3/5

3/7
6/8
1/8
4/7
0/8
0/8
0/8
3/8
5/7
4/7

1/1
2/7
1/7
3/6




APPENDIX III

Chart, Flight, and Subject Numbers Involved in the
Graphic Analyses of 20 Flight Profiles Prepared
for the National Aeronautics and Space Administration,
Manned Spacecraft Center Under Contract NAS9-6978

Chart No. Flight No. Subject No.

1 25-241 PH 32
25-141 PH 16
25-213 PH 28
25-239 PH 31

2 25-054 PH 7
25-167 PH 19
25-193 PH 24
25-026 PH 4

! |
l 3 25-207 PH 27
25-199 PH 26
25-134 PH 15
l 25-002 PH 1
I 4 25-201 PH 26
25-004 PH 1
25-209 PH 27
l 5 25-123 PH 13

25-257 PH 33
25-237 PH 30

6 25-206 PH 27
25-198 PH 26
25-001 PH 1

7 25-242 PH 32
25-214 PH 28
25-142 PH 16
25-240 PH 31

8 25-006 PH 1
25-138 PH 15

O

25-200 PH 26
25-135 PH 15
25-208 PH 27
25-003 PH 1



1

»

10

11

12

13

14

15

16

17

18

19

20

25-335
25-350

25-337
25-359

25-322
25-360

25-345
25-321

25-396
25-389

25-383
25-338

25-369
25-331

25-336
25~401

25-368
25-403

25-370
25-332

25-305
25-310

SA 44
SA 46

SA 44
SA 47

SA 42
SA 47

SA 45
SA 42
SA 53
SA 52

SA 50
SA 44

SA 48
SA 43

SA 44
SA 54

SA 48
SA 54

SA 49
SA 44

SA 40
SA 41
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